Abstract Purpose: While our understanding of the pathogenesis and management of acute respiratory distress syndrome (ARDS) has improved over the past decade, estimates of its incidence have been controversial. The goal of this study was to examine ARDS incidence and outcome under current lung protective ventilatory support practices before and after the diagnosis of ARDS. Methods: This was a 1-year prospective, multicenter, observational study in 13 geographical areas of Spain (serving a population of 3.55 million at least 18 years of age) between November 2008 and October 2009. Subjects comprised all consecutive patients meeting AmericanEuropean Consensus Criteria for ARDS. Data on ventilatory management, gas exchange, hemodynamics, and organ dysfunction were collected. Results: A total of 255 mechanically ventilated patients fulfilled the ARDS definition, representing an incidence of 7.2/100,000 population/ year. Pneumonia and sepsis were the most common causes of ARDS. At the time of meeting ARDS criteria, mean PaO 2 /FiO 2 was 114 ± 40 mmHg, mean tidal volume was 7.2 ± 1.1 ml/kg predicted body weight, mean plateau pressure was 26 ± 5 cmH 2 O, and mean positive end-expiratory pressure (PEEP) was 9.3 ± 2.4 cmH 2 O. Overall ARDS intensive care unit (ICU) and hospital
Introduction
Acute respiratory distress syndrome (ARDS) is a complication of a variety of diseases [1] . Currently, the diagnosis of ARDS is made by a history of a predisposing illness, acute onset, bilateral pulmonary infiltrates on chest X-ray, and severe hypoxemia [2] . While our understanding of the pathogenesis, risk factors, complications, and management has improved over the past two decades [3] , estimates of the incidence of ARDS have been controversial. The main reasons for the fluctuation of incidence data may be the various definitions of ARDS used and difficulties in identifying all cases in a given geographical area [4] [5] [6] [7] [8] [9] [10] . Reported data for the incidence of ARDS in the USA would suggest a figure that is greatly in excess of that expected by current clinical experience in Europe. The first estimate of the incidence of ARDS was based on a National Heart and Lung Institute (NHLI) task force report in 1972 [11] , citing a figure of 150,000 cases per year in the USA. Assuming a population of 200 million for the USA during the early 1970s, this represents an incidence of 75/100,000 population/year. That report defined ARDS as acute respiratory failure associated with a number of clinical conditions including infantile respiratory distress syndrome, disseminated intravascular coagulation, viral pneumonia, acute renal failure, drug overdose, burns, and fluid overload. This definition is very different from the current definition of ARDS [2] . Using the current definition, Rubenfeld et al. [10] reported a 58.7/100,000/year ARDS incidence in a cohort of patients undergoing mechanical ventilation (MV) admitted to 21 US hospitals from April 1999 to July 2000. The first prospective European study was performed by Villar and Slutsky [5] in the Canary Islands, Spain, from 1983 to 1985. They reported an ARDS incidence of 3.5/100,000/year, a figure that was validated by other epidemiological studies in England [4] , Germany [6] , and Finland [8] .
There is now unequivocal evidence that MV can cause or aggravate acute lung injury [12] . This condition resembles ARDS and it has prompted a number of investigators to suggest that ARDS may in part be a product of our efforts to ventilate patients rather than the progression of the underlying disease [13] . The ARDS Network study in 2000 provided convincing evidence that MV affects outcome [14] . Within the context of extreme variability among the few published epidemiological studies on ARDS and in light of the use of lung protective ventilation, we performed a 1-year study to determine the incidence, etiology, and outcome of ARDS in adults in Spain under the current ARDS definition and using protective MV practices before and after the diagnosis of ARDS.
Methods

Study design and patients
This observational study was approved by the institutional ethics committees of participating centers. This study was considered an audit and informed consent was waived because data were analyzed anonymously. All consecutive patients meeting the American-European consensus conference (AECC) definition for ARDS [2] who were admitted during the period November 2008 to October 2009 to 13 geographical catchment areas in Spain covered by a network of 17 hospitals (354 critical care beds) under the acronym ALIEN (Acute Lung Injury: Epidemiology and Natural history) were included. The 13 geographical catchment areas included two provinces of Galicia, seven provinces of Castilla-León, three provinces of Castilla-La Mancha, and the city of Sabadell in the region of Cataluña (see Appendix). Each hospital provided medical care for a specific geographical health-care area defined by the Spanish Health Care System. These 17 hospitals were the only providers of critical care for the 13 resulting from an acute event unrelated to the disease process (such as patient-ventilator asynchrony, obstruction of the endotracheal tube by secretions, suctioning, sudden pneumothorax, and hemodynamic instability). Onset of ARDS was defined as the day on which the patient first met all AECC criteria. MV and hemodynamics data were collected on days 0, 1, 3, 7, and the last day of MV. The end-inspiratory plateau pressure was determined by application of an end-inspiratory pause of sufficient time, as determined by the investigator, to ensure airway pressure equilibrium (more than 1.0 s). Acute physiology and chronic health evaluation (APACHE) II [15] score and lung injury score (LIS) [16] were recorded. Clinical and laboratory data for the APACHE II score were collected within the first 24 h after ICU admission. Standard definitions for sepsis and organ failure were used [17] [18] [19] . Extrapulmonary organ failure included in the sequential organ failure assessment (SOFA) scale was documented daily [17] . Any organ failure occurring during the 6-h period before death was considered part of the terminal event and not counted.
Physiological and biological data were checked against standardized ranges by a trained data manager at the coordinating center (see ESM for details). Age, gender, predicted body weight (PBW), risk factors for ARDS, PaO 2 /FiO 2 ratio at the time of ARDS identification, and severity scores were checked and reassessed at the coordinating center. If inconsistencies were found, the site principal investigator was contacted to clarify and make the corrections accordingly.
General management
Although patient care was not strictly protocolized, physicians were asked to follow the current standards for the general management of critically ill patients (see ESM for details). None of the patients in this cohort received activated protein C, low doses of corticosteroids, or nitric oxide as an adjunctive treatment. For ventilatory management, it was recommended that all patients with acute respiratory failure or acute lung injury be ventilated with a tidal volume (V T ) of 4-8 ml/kg PBW [20] at a ventilatory rate to maintain PaCO 2 at 35-50 mmHg, a plateau pressure less than 30 cmH 2 O, and with positive endexpiratory pressure (PEEP) and FiO 2 combinations to maintain PaO 2 above 60 mmHg or SpO 2 above 90%. None of the participating centers used extracorporeal membrane oxygenation or high-frequency ventilation.
Outcome measures and statistical analysis
The primary goal of this study was to determine the incidence of adult ARDS requiring MV in Spain, expressed as cases per 100,000 inhabitants per year in the population at least 18 years old. Data are expressed as percentages, means ± standard deviation (SD), or medians and interquartile ranges (IQR). Differences between distributions of categorical variables were analyzed by Pearson's v 2 or Fisher's exact tests. For continuous variables, the data were analyzed using Student's t and Mann-Whitney U tests, depending on their distribution. Secondary outcomes were ICU and hospital mortality rates. The 95% confidence intervals (CI) for mortality rate were computed using Jeffrey's interval for a binomial proportion. A two-sided p value no greater than 0.05 was considered significant. Data analyses were performed using SPSS (IBM SPSS Statistics 19, Chicago, IL, US).
Results
From November 2008 to October 2009, there were a total of 11,363 ICU admissions and 3,462 patients requiring MV for at least 24 h in all catchment areas. The total number of mechanically ventilated patients meeting the AECC definition for ARDS was 255 (2.2% of ICU admissions and 7.4% of those who received MV for at least 24 h) representing a crude incidence of 5.9/100,000/ year and an incidence of 7.2/100,000/year when considering the population at least 18 years of age. Median age was 58 years (IQR 41-73) and 70.6% were males.
Mean baseline PaO 2 /FiO 2 ratio was 114 ± 40 mmHg and mean APACHE II score was 21.6 ± 5.9. Pneumonia and sepsis were the primary cause of ARDS in 42.3 and 31.4% of patients, respectively (Table 1 ). All centers verified that they screened every patient for ARDS that entered their ICU during the study period. At the time of meeting ARDS criteria, mean V T was 7.2 ± 1.1 ml/kg PBW (range 4.0-8.4 ml/kg PBW), mean plateau pressure was 26 ± 5 cmH 2 O, and mean PEEP was 9.3 ± 2.4 cmH 2 O (Table 1) . At baseline, applied PEEP ranged from 4 to 15 cmH 2 O. However, after making the diagnosis of ARDS, most patients (87%) were treated with PEEP at least 10 cmH 2 O and 14% received 15 to 24 cmH 2 O of PEEP (Fig. E1, ESM) . Pneumothorax developed in 8.1% of patients. PaO 2 /FiO 2 ratio at the time of ARDS identification had an inverse relationship to mortality (p = 0.005) (Fig. 1) . For ventilatory, gas exchange, and hemodynamic data during ICU stay, see Table E1 (ESM). Prone positioning was used in 17.2% of patients (44/255). Twenty of them died (mortality 45.4%).
Overall ARDS ICU mortality was 42.7% (95%CI 37.7-47.8) and hospital mortality was 47.8% (95%CI 42.8-53.0) ( Table 1 ). ICU mortality rates ranged between 33 and 55% among participating centers. When evaluating this range in relation to the number of ICU admissions, ICU beds in each center, type of patients, ARDS cases enrolled during the 12-month period in each ICU, and ARDS etiologies, we did not find any significant correlation with mortality. However, larger hospitals had larger ICUs and higher numbers of enrolled ARDS cases. One hundred and forty-six out of 255 patients (57%) met ARDS criteria at the day of ICU admission (71 deaths, mortality 48.6%). One of those patients died within the first 24 h of ICU admission. Less than half of patients (109/255, 43%) developed ARDS after ICU admission (38 deaths, mortality 34.9%). When comparing mortality of ARDS on admission vs. ARDS during ICU stay, the 13.7% absolute mortality difference was statistically significant (p = 0.028). Of the ICU deaths, 21.1% occurred during the first week and 39.4% within the first 14 days after the onset of ARDS. Two patients died 24 h after meeting ARDS criteria. We did not find any statistically significantly differences between survivors and nonsurvivors when analyzing demographic data, disease severity scores, and physiologic and respiratory variables recorded during the first 24 h of ARDS (Table E2, ESM) .
Multiple system organ failure was the most frequent cause of death (45.8%) and the greater the number of failing organs, the greater was the mortality (p \ 0.00001) (Fig. E2,  ESM) . The presence of shock had no impact in the overall ARDS outcome (Table E2 ). Refractory hypoxemia was the cause of death in 21 patients (19.3%).
Discussion
Our study shows that the current incidence of ARDS in Spain in the era of protective MV is in the range of estimates provided by previous European epidemiological studies [4] [5] [6] [7] [8] [9] 21 ]. This figure is dramatically lower than the 75/100,000 usually quoted in the literature [11] and the 58.7/100,000 [10] and 33.8/100,000 [22] recently reported in the USA. There are a number of possible explanations for this large discrepancy. Some reports have used different definitions for ARDS, others have analyzed the data retrospectively, and others only evaluated the incidence during a short period (less than 10 weeks) and then extrapolated their findings. Among the six main published reports on ARDS incidence using the AECC definition [8] [9] [10] [21] [22] [23] (Table 2) , the study by Rubenfeld et al. [10] in the USA and the present study in Spain are the only ones that used the AECC definition and collected data for a 1-year period. Rubenfeld et al. estimated the incidence of ARDS in 21 hospitals from a US county with a population of 1.74 million for 12 consecutive months from April 1999 to July 2000. All patients who underwent MV for at least 24 h were screened and the arterial blood gas values with the worst PaO 2 /FiO 2 ratio were used to classify patients as ARDS. They identified 828 patients meeting ARDS criteria. Li et al. [22] Prior to the AECC definition, Fowler et al. [26] identified in a 1-year prospective study in Denver, Colorado, 88 patients with ARDS using a PaO 2 /P A O 2 ratio no greater than 0.2. On the basis of this figure, we estimated the incidence of ARDS to be 5.2/100,000/year. Webster et al. [4] performed a retrospective survey without standard criteria for the diagnosis of ARDS and reported a 1-year ARDS incidence of 4.5/100,000 in a British health district with a population of 3.5 million. In 1989, Villar and Slutsky [5] reported the results of a 3-year (1983-1985) prospective study on the incidence of ARDS in a closed island population, performed a decade before the publication of the AECC definition for ARDS and almost two decades before the publication of the ARDSNet trial. There are several important differences between the first Spanish incidence study and the current one. The 74 ARDS patients reported in the former study (representing an incidence of 3.5 cases/100,000 population/year) had the following distinct features: (i) patients were admitted into a single-center ICU; (ii) arterial hypoxemia for ARDS was defined as a PaO 2 /FiO 2 no greater than 150 mmHg on FiO 2 at least 0.5 with PEEP at least 5 cmH 2 O, very different from the current AECC definition in which the limit for PaO 2 /FiO 2 is 200 mmHg regardless of PEEP level; (iii) V T ranged between 8 and 15 ml/kg actual body weight at a respiratory rate necessary to maintain a PaCO 2 of 35-45 mmHg; (iv) the therapeutic goal for blood transfusion was to maintain a hemoglobin concentration of 10-15 g/dl (well above current recommendations); (v) peak inspiratory pressures were allowed to surpass 40 cmH 2 O; (vi) overall ICU mortality rate was 50%. In 1991, Lewandowski et al. [6] performed a 2-month prospective study in 72 ICUs from Berlin, Germany (total population 3.44 million) and identified 17 patients with ARDS (as defined by LIS greater than 2.5), representing an incidence of 3/100,000/ year, although this figure was not adjusted for the adult population. In 1992, Thomsen et al. [7] performed a 1-year survey of ARDS incidence in the State of Utah using a PaO 2 /P A O 2 no greater than 0.2 and estimated an ARDS incidence of 4.8-8.3/100,000/year.
Using the AECC definition, Valta et al. [8] in a 3-year (1993-1995) retrospective analysis on a Finish reference population of 256,000 inhabitants, and Linko et al. [21] in an 8-week prospective study 12 years later in the entire country of Finland, found an incidence of 4.9/100,000 and 5.0/100,000, respectively. Luhr et al. [9] also performed an 8-week survey in all ICUs from Sweden, Denmark, and Iceland, with a combined population of 11.7 million. They identified 221 patients with ARDS and calculated an extra 22 patients for those patients in the few nonparticipating ICUs, estimating an incidence of 13.5/100,000/ year. However, a critical appraisal of that study suggests a misclassification bias. First, 39 of those 221 patients were nonintubated and treated with an oxygen face mask or NIV. Second, 78% of the identified ARDS cases had a pulmonary origin but in 48% of them (n = 106) the specific cause for the development of ARDS included very different entities that do not qualify as risk factors for ARDS, such as chronic obstructive pulmonary disease, atelectasis, cardiogenic pulmonary edema, pneumothorax, and pleural effusion. Third, although a LIS greater than 2.5 is not specific for ARDS because it is not clear whether patients with identical scores have similar degrees of lung injury [27] , it is worthy to remark that only 119 patients had a LIS greater than 2.5, representing an incidence of 7.6/100,000. Fourth, as reported in Luhr et al.'s article, there was a lack of differences in the mortality rate between ARDS and acute lung injury (ALI) and acute respiratory failure (about 41-42% in each of them), a finding that has not been validated by others [6, 24, 28] . Therefore, taking into consideration all the above, we have estimated the ''true'' ARDS incidence in those three countries as 5.3/100,000 population, a similar figure to the one reported for Finland, another Scandinavian country [8, 21] .
The 28/100,000 figure for ARDS incidence in Australia reported by Bersten et al. [23] could represent another example of misclassification bias. They screened patients for the development of ALI and ARDS admitted into 21 ICUs during a 2-month period in 1999. They identified 148 patients as having ARDS but only 20 patients as having ALI. Although the AECC physiological thresholds for separating ALI from ARDS do not require standardized ventilatory support, it is well accepted that a small increase of FiO 2 and a moderate level of PEEP can improve oxygenation sufficiently to convert patients meeting the definition of ARDS on PEEP less than 5 cmH 2 O and FiO 2 less than 0.40 to have ALI, and can change lung physiology in these patients to an extent that they do not meet the criteria for ALI or ARDS [28] . Looking at their initial ventilatory parameters, it seems that as many as half of the ALI/ARDS patients were treated with PEEP no greater then 3 cmH 2 O and/or FiO 2 less than 0.40. In addition, the mean V T was close to 12 ml/kg PBW. Since this short-term observational study was performed before the publication of the ARDSNet trial, the values of the initial ventilatory settings and the reported overall low ICU mortality rate for ARDS (30%) may substantially affect the validity of the estimated high ARDS incidence in Australia.
Demographic, cultural, economical, and health-care system differences between the USA and Europe [29] may also account for the order of magnitude difference between our study (as well other European studies) and Rubenfeld's. It is plausible that variations in the number of ICU beds, hospital policy on ICU bed utilization, ICU staffing, and burden of disease requiring ICU admission influenced the number of patients admitted into the ICU and diagnosed as having ARDS [30] [31] [32] . The number of ICU beds in Europe varied from 3.5 (UK) to 24.6 per 100,000 population (Germany). In our study, the catchment area had 8.2 adult ICU beds per 100,000 population, the same value that was previously estimated for the whole of Spain [30] [31] [32] . When compared to countries with similar ICU-bed availability, our ARDS incidence is very similar to that recently estimated or recalculated by us in the studies from Finland (with 6 ICU beds/100,000 population) [31] , Australia (8.0 ICU beds/ 100,000 population [32] , and Sweden (8.7 ICU beds/ 100,000 population) [32] (Table 2) . In a recent retrospective analysis, Charron et al. [25] from France reported their experience with 218 ARDS patients admitted during a 13-year period (1997-2009) in a single ICU. With an average of 8.4 beds/100,000 population in their ICU during the study period [30] [31] [32] , the number of ARDS patients admitted per year was 16.7, very similar to the 15 ARDS patients/hospital/year in our study. ICUs in the USA admit many more patients than European and Canadian ICUs [33] . Our incidence of ICU admissions was 264.3/100,000/year, remarkably similar to the 263.7/ 100,000/year reported by Laupland in Canada [34] . In a retrospective analysis from nonfederal hospitals in six US states in 1999, Angus et al. [35] found that almost 1 in 5 (22.4%) US citizens died using ICU services, a figure that is greatly in excess of that in Europe. As stated in the reports by Rubenfeld et al. [10] and Li et al. [22] , the demographic features of their catchment area are not identical to those of the USA as a whole. Also, our catchment area represents 9.4% of the population of Spain whereas the catchment area in the Rubenfeld et al. report represented 0.6% of the population of the USA. Our study is the first to prospectively estimate the incidence of ARDS during the application of a lung protective MV strategy [14] . In most epidemiological studies of ARDS, including those using the AECC definition, patients were treated with a V T above current recommendations (4-8 ml/kg PBW) ( Table 3 ). The V T and PEEP levels used at baseline and within the first 24 h of ARDS onset in our study were in the same range as those used in recent clinical trials evaluating the effects of ventilatory support on ARDS outcome [36] [37] [38] [39] . Although not reported in the original paper, patients in the Rubenfeld et al. study [10] were treated with an average V T greater than 10 ml/kg [40] . It has been postulated that the incidence of ARDS should have decreased over the past 10 years because of advances in supportive care, particularly the application of low-V T MV [13, 22, 41] . Our study design makes it impossible to investigate or demonstrate the role of lung protective MV in changes in the incidence or outcome of patients with ARDS, although it can be argued that the incidence of ARDS in Europe has not changed over the last 20 years. However, when comparing the Rubenfeld et al. [10] data with the Li et al. [22] data, it is plausible to speculate that changes in hospital practice from 1999 to 2009 could explain the decreasing incidence of hospital-acquired ARDS, as reported by Li et al.
Finally, the overall ICU and hospital mortality rates (42.7 and 47.8%, respectively) of our cohort validate the estimates of a recent systematic review of 53 observational studies by Phua et al. [42] in which they found that the pooled mortality for ARDS from 1994 to 2006 was 44%. They also found that the definition of ARDS was not an independent predictor of mortality and that this mortality rate is consistently higher than that reported in randomized control trials [35] . Our findings raise the question of why mortality for patients with ARDS has not improved in the context of protective MV. However, Phua et al. also found that although the pooled ARDS mortality was lower in randomized controlled trials (36.2%), the extent to which protective MV affects mortality in all ARDS patients is currently unclear.
In summary, our study is the first to prospectively estimate the incidence of ARDS during the application of lung protective MV. Our results are consistent with other European ARDS incidence studies but are of a magnitude about 5-10 times less than the incidence of ARDS in the USA. Most concerning is the fact that it seems that the incidence and mortality of ARDS have not changed in Europe 10 years after the original ARDSnet study.
